4. Department of Materials, University of Oxford, Parks Road, Oxford OX1 3PH, UK Coherent diffractive imaging (CDI) is an imaging technique that seeks to restore the exit-surface wave from intensity measurements, either in the far field diffraction plane or the Fresnel diffraction region. To date numerous strategies have been proposed to complete this restoration, the most successful being the original scheme proposed by Gerchberg and Saxton and its subsequent modifications [1] . These schemes all involve the iterative refinement of a trial wave function using a-priori known information about the sample in conjunction with the measured amplitude to constrain the proposed exit surface wave function phase. These approaches use the self interference of the exit surface wave to transform the reconstruction process into a nonsmooth, nonconvex nonlinear optimization problem and as such are plagued by uniqueness issues. Concurrent to developments in CDI have been developments to Fourier Holography [2] . In Fourier holography the measured interference between a reference wave and the unknown scattered wave is used to deduce the complex exit surface wave. Under special circumstances where the reference wave has a particular structure (i.e. a pinhole or uniformly redundant array in the object plane), the inversion from the diffraction measurement is direct and a unique solution is obtained.
Using a generalized approach to Fourier Holography [3, 4] allows the autocorrelation of the exit surface wave, which is the inverse Fourier transform of the diffraction pattern, to be analysed and a set of linear equations may be constructed allowing the direct reconstruction of the exit surface wave. Furthermore, as the co-efficient matrix has a Hankel plus Toeplitz-like structure the solution to the matrix equation may be solved efficiently using the conjugate gradients least squares method implemented using fast Fourier transforms [4] .
Using a scanning transmission electron microscopy (STEM) probe we have applied this generalized holographic CDI approach to achieve an atomic resolution reconstruction of a specimen transmission function from a cerium dioxide nanoparticle from a single far field intensity measurement. The diffraction pattern (also known as a Ronchigram or Gabor Hologram) formed using a defocused STEM probe is shown in Fig. 1(a) . A high angle annular dark field (HAADF) image of the edge of the nanoparticle along with the computed illumination amplitude and its position with respect to the specimen for the diffraction pattern in Fig 1(a) is shown in Fig. 1(b) . The phase of the specimen transmission function, reconstructed using the generalized holographic approach, for two independent Ronchigrams is overlaid onto the HAADF image in Fig. 1(c) .
Using a linear frame work to solve the holographic CDI problem affords deep insight into proposed CDI methods. One such method is ptychography which uses multiple measurements in the diffraction plane concurrently to reconstruct the specimen transmission function [5] . Unlike conventional CDI where a compact support in the object plane is typically required, ptychography uses consistency in the common area between overlapping probe positions as an object plane constraint, reducing the quantity of a-priori knowledge about the specimen that is needed, while also over-determining the reconstruction process. We applied the principles of ptychography within the context of generalized holography to reconstruct the transmission function, at atomic resolution, of a second cerium dioxide nanoparticle [6] . The transmission function is shown in Fig. 2 , and when compared to Fig. 1 
